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Microgrids & Renewable Integration

The ABB PowerCorp Story



Introduction ABB Renewable Energy Integration
Mission

Power system integrator who designs,
supplies and constructs Renewable
Energy Power Stations

Enable organisations to make the
transition from fossil fuel based
generation to Renewable energy based
generation

Specialists in high penetration of

wind and/or solar in diesel/gas plants
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Introduction ABB Renewable Energy Integration
Why Renewables ?

USD/Barrel Increase of fuel cost over past 9 years: $12.50/year
160
140
120 | July 2008 USD$137.11/barrel

O [ [ [ [ [ [ [ [
Jan 03, Jan 03, Jan 03, Jan 03, Jan 03, Jan 03, Jan 03, Jan 03, Jan 03,
2003 2004 2005 2006 2007 2008 2009 2010 2011

Source: US Energy Information Administration— Independent Statistics and Analysis
www.eia.gov
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Introduction ABB Renewable Energy Integration
Market Offering

Windfarm

© ABB Group
June 20, 2012 | Slide 4



Renewable Energy Integration Challenges
The Diesel Power Station

= Frequency & Voltage Control

= Fault Current

= System Inertia

= Spinning Reserve

- Step Load (load increase & reject)
= Unbalanced load supply

= Firm Capacity

= Active & Reactive Power Supply

- Loadsharing between generators

= Automatic dispatch control

AL EIDHD
©ABBG
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Renewable Energy Integration Challenges
Low Penetration System — 10-20% (annual average 5-10%)

Solarfarm Windfarm

u
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Renewable Energy Integration Challenges
High Penetration System — 100% (annual average 40-60%)

June 20, 2012 Slide 7



Renewable Energy Integration Challenges
Managing solar power output fluctuations

sssssssss

Solar Irradiation

Slide 8

Cloudcover causes large output

changes in SolarPV generator
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Renewable Energy Integration Challenges
Managing wind power output fluctuations

k\W eo0of m

g U

g ~

2000

Windfarm Output

1000 —

1 1 I 1 1 I
4 5 B 7 8 9
Hours December Sth [hours]

Ohrs

1
10

v

A

BBBBBBBBB
Slide 9

AL EIDHD
Mpm



Renewable Energy Integration Challenges
..... keeping the system together

Wind/SolarPV/Diesel System

Windfarm

4 Solarfarm

Spinning Reserve

Unbalanced load supply

Active & Reactive Power Supply

Loadsharing between generators

Automatic dispatch control

© ABB Group
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Solutions to Integration
Microgrid Technology Solutions - Typical penetration levels

Wind/Solar/Diesel Systems Annual Peak
Average Penetration
Penetration

No Integration 7-10% 20%
Automated Dispatch 10-15% 22%
Grid Stabilising 40-60% 100%
Automated Demand 60-80% 100%
Response

Energy Storage 100% 100%

© ABB Group
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ABB Powercorp
"Enables” Renewable Energy Solutions

By means of :
Control / automation
Distributed Power Control and Dispatch Systems
SMART GRID
Grid stabilising
Using flywheel, battery and power inverter technology
System simulation and engineering design
Up front consulting to verification

Proven by :
= Delivered world’s only “
high penetration wind/diesel stations

= Delivered the first “
high penetration solar/diesel plants

© ABB Group “ I. I.
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System Offering
Distributed Power Control & Dispatch System

E Control Centre

Wind Turbine enerator
& W-CMS*

Comm

cation
Network

Pumping Load
& L-CMS*

PV/CPV Generation
& P-CMS*

& L-CMS*

Power
Micro-Grid

Other Consumers/
Micro-Grid

Diesel Generator
& D-CMS*

Smart Consumers
& L-CMS*

*CMS: Distributed control systems with generator-type/

: :;___ load-type specific control and monitoring application software
_ Energy Storage that react and, if connected, interact according to a
Grid Stabilising System . . .
& E-CMS* chosen grid operation philosophy

© ABB Group
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System Offering

Distributed Power Control & Dispatch System

PV/CPV Generation
& P-CMS*

Wind Turbine Generator
& W-CMS* & L-CMS*

Cooling/Heating Loads
& L-CMS*

)/ —

A

;/ Power R Other Consumers/
'\}lcro-Grid g Micro-Grid
A

Diesel Generator
& D-CMS*

Smart Consumers

Energy Storge
Grid Stabilising System
& E-CMS*

© ABB Group
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*CMS: Distributed control systems with generator-type/
load-type specific control and monitoring application software
that react and, if connected, interact according to a

chosen grid operation philosophy ADD
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System Offering
Distributed Power Control & Dispatch System

“%EEE Control Centre

=

B \Wind Turbine Generator
=

== & W-CMS* I
=

PV/CPV Generation

& P-CMS*

V

Communication
Network

v

Diesel Generator
& D-CMS*

*CMS: Distributed control systems with generator-type/

 Energy Storage that react and, if connected, interact according to a
Grid Stabilising System . . .
& E-CMS* chosen grid operation philosophy

A\ DD
©ABBG
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Microgrid Technology Solutions
PowerStore-Flywheel System =

PowerStore »
&
/,,
Virtual Flywheel
aa0vac G€NErator Inverter  440vac
Features 50/60Hz 60-120Hz
= Grid Stabilising
Fixed Variable

« Scalable & Modular Frequency Frequency
Real Real
« Frequency Control <_>power <_>power

SYNTHETIC INERTIA

_ Reactive 1,800 -
= Introducing <_Power ’ 3,600 RPM

= Voltage Control
= Fault ride through
= Grid forming

Inverters 100- 1,650 kVA 18 MWs flywheel
© ABB Group "l‘====

June 20, 2012 | Slide 16



Offering

What the PowerStore does

Wind speed 6.4 to 7 m/s

PowerStore kKW |

+ = discharge

OkwW

- = charge

u
June 20, 2012 Slide 17
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Experience and References
History

1990 1998 2001 2007 2010

Napperby Denham Mawson Coral Bay N I\/IIIarpIe SR
Northern Territory Western Australia Antarctica Western Australia uflaginé Westem
Australia
Automation of _ _ _ _ _
Diesel I_Dower Wind/Diesel qul{G_nd Wind/Diesel/ Solar/Diesel/
Station Stabilising Flywheel Flywheel
(Battery System)
0% 15% 85% 95% 100%
Penetration Penetration Penetration Penetration Penetration

Penetration is annual average renewable energy as percentage of total energy
AL ID D
©ABB Group generated y N1}
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Project Experience
Ross Island, Wind/Diesel System Antarctica

Stage 2
plans are to
increase the
number of
wind
turbines,
creating a
high
penetration
system

© ABB Group
June 20, 2012 | Slide 19
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RIWE Stage 1 — Crater Hill Wind Farm =~

* Low penetration Wind- WEC 1

Diesel System (22%
average, 61% max).

« 3000kg Flywheel
(1800 - 3600rpm) that
can sink or source
500kW for 30secs

PowerStore
( Flywheel system )

(~OHAON

60Hz

WEC 2

meridian

WEC 3

R

w Jh@ KL

. “*——/ / -_d_/ \__/

MGMURDO STATION

& )
CRATER HILL
60Hz
e
e Frequency
e Converter
50Hz
0
\“'T"/ N 5 N - . =)
SCOTT BASE



Project Experience
Ross Island, Wind/Diesel System Antarctica

= 1. Two power systems
coupled by frequency
converter:

= 6 X 1500kW/60Hz
diesel

= 3 x 225kW/50Hz diesel

= 3 x 330kW wind
turbines

= 1 x 500kW flywheel

-« 2. Option to include electric
heating load

= 3. Integration of US/NZ
power system network

© ABB Group "“====
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Project Experience
Marble Bar, Solar/Diesel System Australia

1. Power system consisting
of:

= 5 x 320kW Diesel
= 1 x 300kW PV
= 1 x 500kW Flywheel

2. PV/Diesel system without
battery storage

3. Opportunity to deploy
load control to maximise PV
penetration

4. 100% Penetration

© ABB Group
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Project Experience
Marble Bar, Solar/Diesel System Australia

"The Project is supported by the Australian Government through the Renewable Remote Power Generation Program. The Program is
implemented by the State's Office of Energy in Western Australia”.

AL ID D
©ABBG
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System Offering

Renewable Energy Integration — Complete Value Chain

Installation
& Commi-
ssioning

Design &

Engineering

Simulation
& Test

» Modelling « Equipment « Strategy &
« Design Supply Management
« Specification * Project * Acceptance
. Training Management Testing

e isiezs * |Installation « Handover

« Service
e Support
» Operation
 Training

0 nn
« Reporting FAIPIP



Offering
A DCS example

© ABB Group
June 20, 2012
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Offering
Energy Modelling

Add/Remove Equipment To Consider

Select check bawes to add elements to the schematic. Clear check boxes to remave them, The schematic represents systems that HOMER will simulate.
Hold the pointer over an element or click Help for more information.
— |
Loads Companents P
& ¥ Pimary Load ;W Ry &3 ¥ Diesel ] ¥ Sunette BCS25F (8] QI_. — EJ
@ [~ Primary Load 2 A\ W Generic 10KW Cg. [T Generatar 2 [~ Battery 2 O | Fii Load
1 Deferrable Load A ¥ Generic 3kw 3 [ Generator 3 [~ Battery 3 [=2E gg‘i{il,hag " A\
{% [ Thermal Load 1 ﬁ I Hydro Cg. [ Gereratar 4 [ Battery 4 45 K k -
& Themal Load 2 v Carwerter %[ Generator 5 [ Battery 5 . pea Generic 10K\
? [ Hydrogen load I Flywhesl CB‘ [~ Gererator 6 [ Battey 6
&j ™ Electrolyzer 3 [ Generator 7 [ Battsy 7 A\
® [ Hydrogen Tank [~ Generator 8 [~ Battery 8 ¢
& [ Reformer tw [ Generator 3 [~ Battery 3 Genenc 3k
'[j} [ Gererator 10 ™ Battery 10 _|<_. H
Grid Corverter -
- 3|
Grid
" Do not modsl grid SECSZ25F
4: (¥ Spstem is connected to grid
3[:' " Compare stand-alone system to grid extension AC
Resources Other
B | Solar Resounce rlj?| E conomics
Bazeline data
Mo |TECREL) o Wind Resourc P wind Resource | System Control
January 4700 g 4 - o
Febuary i g ﬁ- Diesgel g | Emiszians
March -
Aprl 4100 2 .
by am g5 @ Constraints
June 3.400 O i Febs e T A syl TALgT TBepT T Oct Thow e
July 3.400
August 3800 Other parameters Advanced parameters
September 3,500 Altitude [m above sea level] o “whaibll k 2
ﬁctobe‘lj g 338 Anemometer height [m) 10 Autocorelation factor 0.85
ovember
December 4.200 Wariation With Height Diumal pattein strength 0.25
Annual average, 3937 Hour of peak windspeed 14

© ABB Group "“I
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Offering
Energy Modelling

© ABB Group
June 20, 2012

& }L CB PV | G100 | G3 Dsl | SECS25P| Conv. | Disp. Imitial Operating Tatal COE | Ren. |Capacity| Diesel Disl
: A W) W) W) | Strgy Capital Cost ($/47) NPC (8AWh)| Frac. | Shortage L) {hrs)
Y g 8 2 CC & 24 600 5275 80547 0594 000 0.00 6,363 3326
! CEI- &= 1 g 8 2 CC 31,500 4794 882673 08D OMNM 0.00 5638 3450
,l\ CB = 1 g 8 2 CC & 35,600 h4%4 £§94250 0691 006 0.00 6,091 3740
!A\ [j} = 1 1 g ] 2 CC £42500 5012 £9:005 0704 015 0.00 5378 3358
_[):3 g CC £12,500 524 £1105936 0813 000 0.00 11,045 8760
* CB 1 g 2 CC 521,500 5247 2120607 0334 007 0.00 11,025 8744
,I\ [j} 1 g 2 CC 526,000 9,625 5128743 0544 003 0.00 11,022 8752
!fl\ C 1 1 ] 2 CC 532,500 5,568 £135032 0530 010 0.00 10954 8700
’.;L =0 12 2 40 & CC % 194,300 5293 2260799 1835 1.00 0.00
v AL Primary Load
- Diese| Power
o 50,000 Cash Flow Summary o
== Generic IKW
40 000 == [iezel
s ' == Surretie 6C525P
J & == Converter
. | 3 30,000 Other
=]
1 :
20,0004
3 §
£
H < 10,0004
24 .‘ Zz
Ll I A “ —_
1 ]l !
/ JV o J U ’JV V [M 10400 Capital Replacement  Operating Fuel Salvage
g 1 2 3 4 5 a8 T
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Offering
Dynamic Stability & Control Modelling

Input

e.g. VWIND(t), —' Power SyStem —: OUtpUt:

Dynamic Model U(t), f(t), ...

Power System Dynamic ; o Cr—

Stability Modelling T ?
(transients, disturbances ...)

a0

]
O

Recorded data T e Output of Simulation
from real system: " — (Voltage, Frequency, etc)

@ Microsoft Excel - coralbay-wtg1pact_10min.xls g@ fg:?
iE] Datei Bearbsten Anscht  Einfigen Format Extras  Daten Fenster 7 -8 x
: 2 g v e = B : " 501
NEEHDR G0 RR B oo Be s afick
g e {3 e b 50,0

G23047 = B 49,9

AT B [ © T o T E [ F g ‘ i |

| 2 | Zeit insec Aw rmin mas = 49,8 -+ | |
| 3 |12.2.0817:200 1202836800 56588 5 " Tue 2440 2480 2480 2500 sl 2520
B 1= - 6. 7:30 28574 il o 19 S mu Iatl on tool Messdaten Simulation: Frequenz (fist)
£ 81000 17:40} 1209656010 T35 0 = Reale Messdaten: Frequenz (Ps1Fset)
| 6 |12.2.08 17:50| 1202838600 9.557 1] 18
| 7 [12.2.0818:00 1202839200 14.6393 0 34 U]
| B |12.208 18:10) 1202839800 16.1763 1] 36 M7 ———- [ e
| 9 |12.2.06 18:20| 1202840400 241853 a 40 | | | I
| 1012208 18:30) 1202841000 18.0206 0 [ 416 T ! ! !
| 11 ]12.2.08 18:40 1202841600 264321 0 48 - | |
| 1212.2.08 18:50) 1202842200 290115 1} 50 4187 ! \7 b A
1312208 19:00, 1202842800 52,361 i ] O L v o
| 14 122,08 1910 1202843400 786607 7 108 0. } } } }
| 15 |12.2.08 19:20 1202844000 927392 (=] 123 e 413 I } I }
WoCE Wi Taballet  Theics { Tabeleh 7 ki @l " 2i00 st

Beteit

Messdaten Simulation: Spannung (Uist)
Reale Messdaten: Spannung (Fed4U12Act)

© ABB Group “ I. I.
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Offering
PowerStore-Flywheel System Schematic

PowerSto;éj

ananan

40 foot container

June 20, 2012 Slide 28




Offering
Complete Engineering Design Process

Installation
& Commi-
ssioning

Design &

Engineering

Simulation
. ape . &TeSt . . .
* Grid Stabilising » Acceptance Testing * Operator Training
» Grid Connection RE  Test and Verify Control » Optimisation
* Energy Storage » Test and Verify SCADA

* Integration Algorithms » Handover
» Generators ; : ’
* RE Generators
* Demand Response
» Storage

Power System Simulation Control System

© ABB Group
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Extended capabilities as part of ABB
Complete eBoP and PV BoS as per std BU PSPG strategy

/

Falycrystalline

“EF " eBOP

/
[ | el i >
| 1. ) B |
L, i “
’ [ gl = am==, —

Strin e
composition S | Vi

MV an LV

MV Lines

e

DC Cables

Substation

Monocryistalline

P:I:E.Eﬁhinetd ForoT = P W e

rotection an .

string monltorln? Concrete building Concrete building pf”;:'“"'
vigilance

Thin film

! i |, . _...'“l I

DC Cabinet
tracker control

——
i

"ﬂﬁ.‘_-'_—‘—

CRV

- = control system
N R - it

4 » Supervisory and

&

-Panels = Structures - DC Cabling - Inverters - Transformation center
- Protection - Inverter containers
o #HeAGHBES - String monitoring

Aprl, 2011 | Sida 1 . Tra{:kert:ontml
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Contacts

ABB Australia ABB Germany
Juergen Zimmermann Martin Baart

+49 17 6832 34822
+61 8 8947 0933
ABB Spain
Celia Roldan

Phone: +34915819386
Mobile: +34 699266857

AL ID D
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Power and productivity ‘
for a better world™ ’




